To study the origin and spread of Yersinia enterocolitica among pigs, fecal and blood samples were repeatedly taken on a fattening farm. A few piglets were found to be already infected on breeding farms. After the piglets were mixed, the infection spread through the whole unit. Eventually, all the pigs excreted the pathogen.
Y
ersinia enterocolitica is a food-borne human pathogen that is reported to cause 3.5 cases per 1,000,000 population in the United States annually and 16.5 cases per 1,000,000 population in the European Union (6, 23) . Yersiniosis occurs most often in young children (4) . Common symptoms include diarrhea, fever, and abdominal pain (15) . In older children and adults, the disease may be confused with appendicitis. Unpleasant sequelae, such as reactive arthritis and erythema nodosum, may occur (5) . Pigs are considered to be the major reservoir of the pathogen (2, 10, 18) . Undercooked pork and other pig products have been reported to be the main source of human infections, according to epidemiological investigations (3, 9, 13, 15, 16) .
Y. enterocolitica is carried by infected finishing pigs from farms to slaughterhouses (22) . The prevalence of human pathogenic Y. enterocolitica is high in pigs at slaughter (7) . The carcasses become contaminated with the pathogen in the slaughterhouses by contamination from tonsils and intestinal contents (8, 22) . The level of carcass contamination can be reduced with such hygiene practices as removing the head and bagging the rectum (1, 20, 26, 28) , but these alone fail to completely eliminate the carcass contamination. Therefore, reducing the occurrence of the pathogen at the farm level is also needed. The aim of this study was to investigate the transmission of Y. enterocolitica from breeding farms to fattening units under conventional farming conditions.
In total, 76 pigs were monitored on a fattening farm over the whole fattening period. The farm consisted of 14 units, and each unit contained eight pens. The number of pigs in each pen ranged from 8 to 10. Each unit had a separate ventilation system and operated on an all-in all-out system. Units were cleaned and disinfected between each lot. Two separate units were monitored in this study, unit 1 in winter and unit 2 in summer. The pigs originated from 16 farrowing farms. Two of the farrowing farms delivered piglets to both units. Piglets were about 12 weeks old when they entered the fattening farm. The weight of the piglets ranged from 23.6 kg to 51.3 kg at the beginning of the study (mean, 36.1 kg, and standard deviation, 6.25). Pigs were allocated into 16-m 2 pens and matched according to their sizes and sexes. A moderate amount of straw was used as bedding. Repeated fresh fecal samples were taken from the same earmarked pigs at 2-week intervals. Blood samples were collected for serology at the beginning and at the end of the study. Samples from feed and drinking water were taken during the first sampling.
Ten grams of feed pellets and feces were mixed into 90-ml peptone-mannitol broth (PMB), and 100 l was plated (i) immediately, (ii) after 7 days, and (iii) after 14 days of cold enrichment at 4°C onto cefsulodin-Irgasan-novobiocin (CIN) agar (Oxoid, Cambridge, United Kingdom) and incubated at 28°C for 24 h and further at room temperature for 24 h (21). With the 14-day cold enrichment, an alkali treatment with 0.25% KOH solution was used before plating (21) . Typical colonies were cultured on tryptic soy agar (TSA) (Difco, Lawrence, KS). The pathogenicity of the isolates was confirmed by using PCR that detected the virulence genes ail (24) and virF (17) . The isolates were biotyped (31) and serotyped using commercial antisera (Denka Seiken, Tokyo, Japan).
The genotyping of the isolated strains was done by using multiple-locus variable-number tandem-repeat analysis (MLVA) (12, 29) . The size of the end products was determined by capillary electrophoresis with an ABI 310 genetic analyzer (Applied Biosystems, Foster City, CA) in the GS STR Pop4 G5 module. Serum samples were tested by using a commercially available enzyme- linked immunosorbent assay (ELISA) kit (Pigtype Yopscreen, Labor Diagnostik, Leipzig, Germany) according to the manufacturer's instructions. Eight piglets which had originated from three farms had antibodies against Yersinia when they arrived at unit 1 in the fattening farm (Table 1 ). In a previous study, pigs were not found to be seropositive until the age of 102 to 107 days (25) . After pigs receive oral contamination, antibodies are shown to take as long as 12 days to develop (27) , which indicates that the piglets in our study had certainly encountered the pathogen on their original farms. The day after their arrival, 17 piglets in the same unit already excreted pathogenic Y. enterocolitica in their feces. Eventually, the pathogen was isolated in the fecal samples of every pig in both units during the fattening period. Only pathogenic bioserotype 4/O:3 strains were detected.
Three different MLVA types, types A (6-1-12-13-12-3), B (22) 20 (26) 11 (28) a NS, not studied.
(6-1-12-29-7-3), and C (3-1-20-27-8-3), were isolated from the fecal samples of the pigs in unit 1 ( Table 2 ; also see Table S1 in the supplemental material). Genotypes A, B, and C were isolated from piglets from farms 1, 3, and 7, respectively (Table  1) . These genotypes were later isolated from the other pigs in the fattening unit. However, the strains differed between the two units. In unit 2, four different MLVA genotypes, types A (6-1-12-13-12-3), D (5-1-15-10-6-3), E (7-1-10-15-4-3), and F (9-1-9-7-6-3), were found (Table 2 ; also see Table S2 in the supplemental material). The origin of the genotypes remained unclear because the first samples were collected 2 weeks after the piglets arrived at the farm and the infection had sufficient time to spread among the pigs. MLVA type A was found in both units. This genotype originated from farm 1, which had delivered piglets to both units. The origin of type A strains was further confirmed when additional fecal samples from pigs from farm 1 were collected separately and type A strains alone were found. Farm 1 seems to be a reservoir of this genotype, and apparently the piglets from this farm continuously transmit the contamination when delivered to different fattening farms. The same MLVA types were present in each unit from the beginning of the study until the end, and no new genotypes emerged during the follow-up (Table 2) . Samples from feed and drinking water were negative for Y. enterocolitica.
The prevalence of pathogenic Y. enterocolitica in the feces of fattening pigs varied between 22% and 88% for different sampling times (Table 3 ). An increase in the prevalence in feces up until 16 weeks of age of the pigs was noted, which was followed by a decrease over time until the end of the follow-up. This pattern is in agreement with previous studies (11, 14, 25) . Despite the low fecal prevalence at the end of the period, most of the sampled pigs were seropositive at the time of slaughter. The level of contamination remained higher in unit 1, which was monitored in winter. Y. enterocolitica has previously been reported to be isolated more frequently during cold months (19, 30) , which may be one explanation for the difference between the two units. During the follow-up, the incidence of Y. enterocolitica in fecal samples of the pigs was 100%, which demonstrates that the pathogen spreads thoroughly within a pig herd.
The results of this study show that piglets from certain breeding farms transmit Y. enterocolitica strains into a fattening farm and the infection subsequently spreads throughout the whole unit. In order to reduce the level of this pathogen in pig production, mixing piglets from Y. enterocolitica-positive farms with piglets negative for Y. enterocolitica should be avoided and prevention methods should be targeted at piglet production units. This study was conducted in cooperation with Finnish Animal Breeding Association (FABA). Erika Pitkänen and Anu Seppänen are acknowledged for technical assistance.
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